There are different views on the reflex arc of the first component of the blink reflex in man. Early descriptions have interpreted the origin of the blink reflex as a cutaneous (Overend, 1896) , periosteal (Bechterew, 1901; Foerster, 1936) , cutaneoperiosteal (Guillain, 1920) , perichondral (Simchowicz, 1922) , osseous (Lewandowsky, 1910) , and finally as a stretch reflex (Weingrow, 1933; Wartenberg, 1945) .
Electromyographic studies have shown that both mechanically and electrically evoked blink reflexes consist of two components (Kugelberg, 1952) . There has been no doubt that the second component is a polysynaptic reflex but the nature of the first component is still discussed. Kugelberg (1952) believed that it was a typical monosynaptic stretch reflex. He based his conclusion on calculation of the central delay and on the fact that stretch appeared to be the adequate stimulus. This view has been accepted by a number of subsequent authors (Rushworth, 1962; Gandiglio and Fra, 1967; Bender, 1968; Ferrari and Messina, 1968; Brown and Rushworth, 1973) . Struppler and Dobbelstein (1963) agreed that the first component might well be a proprioceptive reflex, but they thought that the reflex arc was at least disynaptic as indicated by the anatomical studies of trigeminofacial connections reported by Ramon Y. Cajal (1909) . Shahani (1968 and Young (1968, 1972) objected to the hypothesis of the proprioceptive nature of the first component. They postulated that this reflex is elicited by stimulating cutaneous afferent nerve fibres. Furthermore, Shahani claimed that the first component of the blink reflex is perfectly analogous to the first EMG component of the flexion withdrawal reflex (Shahani, 1969 .
Experimental work in the cat has shown that the first component of the blink reflex in this animal is mediated through at least one interneurone (Lindquist and MArtensson, 1970; Iwata et al., 1972) . The former authors have succeeded in eliciting the reflex by tapping the lifted skin flap overlying the orbicularis oculi, but not by tapping the muscle directly. Similar results were obtained by Shahani and Young (1973) in the monkey.
The present work was started in the hope that observation of the blink reflex on single facial motoneurones by single fibre EMG might resolve the nature of its first component. A preliminary report has already been published (Trontelj and Trontelj, 1973a) .
Method
The blink reflex was elicited electrically and mechanically. The electrical stimulus was a square pulse of 30-200 V and 50 yts duration delivered through a pair of silver cup electrodes attached to the skin over the supraorbital foramen. Three intensities were used for each motoneurone studied: 538 Reflex arc of the first component of the human blink reflex threshold, at which about 50% of the stimuli were effective in producing a response; intermediate, which was 50 or 100% higher; and maximum which was 100 or 200% higher than the threshold intensity (increments by 50% were made in those cases where the threshold intensity was already rather high and increments by 100% would be too painful).
Mechanical stimuli were brief taps delivered by an electrodynamic hammer . They were applied perpendicularly to the supraorbital region. Again three stimulus intensities were used, determined in the same way as with the electrical stimulus. Both electrical and mechanical stimuli were delivered with a rate of one per 3 seconds to minimise synaptic exhaustion.
Direct responses were elicited by surface stimulation of the facial nerve trunk or its peripheral branches with a pointed cathode pressed to the skin, the anode being a silver plate attached to the neck. The rate of stimulation was 1-10 per second, and stimulus intensity was well above the threshold.
The responses were recorded in two ways: first, with a pair of silver cup electrodes attached below the lower lid about 20 mm apart, the dc resistance across them being reduced below 10 k ohms, and with a special needle electrode . With this electrode it was possible to isolate action potentials of single orbicularis oculi muscle fibres and thus to study successive responses of single facial motoneurones. These potentials were recognised as being generated by a single fibre according to the following criteria: that they were smooth biphasic potentials, remaining constant in shape, amplitude, and duration on consecutive discharges at a time resolution of at least 10 ,us . Another criterion used for reliable identification of the motoneurone studied was that potentials of similar parameters but generated by neighbouring muscle fibres of other motor units did not appear in the tracing (Trontelj, 1973; Trontelj and Trontelj, 1973b) . Identification was even easier when two or more muscle fibres of the same motor unit were recorded by the electrode. In this case the complex action potential consisted of two or more timelocked spikes appearing according to the all-ornothing principle with a small jitter between the individual components. (The jitter is defined as variation of interpotential intervals on consecutive discharges, and is normally mostly due to changes in the delay time at the individual motor endplates StAlberg and Ekstedt, 1973) .)
The consecutive responses of individual motoneurones ( Fig. 1) On increasing the stimulus intensity the mean latency shortened more than in the case of electrical stimulation (1329 Ms as compared to 676 Ms, from threshold to maximum intensity).
The mechanical stimulus was considerably more effective if the hammer direction was not perpendicular but oblique to the skin of the forehead so that the taps resulted in a stretch rather than in vertical deformation of the skin and underlying tissues.
In all motoneurones activated either electrically or mechanically in the first component of the blink reflex there was a high negative crosscorrelation between the latency of consecutive responses and the size of simultaneous surfacedetected responses of the population of orbicularis oculi motoneurones (mean-0.58, P<0.001).
ESTIMATION OF THE CENTRAL DELAY
The measurement of the central delay was expected to contribute to the resolution of the question whether the first component of the blink reflex is monosynaptic or polysynaptic. Two methods were used. Method based on determination of conduction times After measuring the shortest possible latency of the electrically evoked reflex of a selected muscle fibre, the motor axon was stimulated directly at two points-over the zygomatic arch and over the stylomastoid foramen. Conduction velocity along the facial axon was calculated from the difference of the latencies of the two direct responses and the distance between the two stimulating cathodes. It was assumed that the conduction velocity in the central portion of the facial axon was the same as that calculated for the peripheral part. Conduction velocity along the central part of trigeminal nerve fibres was regarded as 70 m/s (Kugelberg, 1952) . Their length from the supraorbital foramen to the pontine nucleus of the trigeminal nerve was 102 mm as measured in two anatomical preparations, and the length of the central portion of the facial nerve fibres from the nucleus to the stylomastoid foramen was 105 mm, measured in five preparations; 0.5 ms was taken for synaptic transmission to the facial motoneurone. By subtracting the afferent and efferent conduction times and the synaptic transmission from the total reflex latency we obtained an estimate of the central delay (Table 3) , which ranged from 2.40 to 6.60 ms, mean 4.19 ms.
There was no correlation between the estimated central delay and the total reflex latency. However, there was significant correlation between the central delay and reflex latency from which the terminal conduction time had been subtracted (Fig. 3) . This is because of great differences in terminal conduction times which tend to obscure the differences in central conduction time. (Fig. 4) 
L.A T ENCYN' VARIATlION
-T-lhis phenomenon has been described before 1973; Trontelj and Trontelj, 1973a, b) .
In the case of the H reflex it has been shown that more than 100 ts. that is more than two-thirds of the total v;ariation, is caused by variation in the synaptic transmission time. On threshold stimulation the variation is increased. presumably because of the less steep rising slope of the compound EPSI. w%hich increased the chances for greater latency variation (ef. C (oombs et al.. 1957 Figure 6a shows very little overlapping between the two reflexes.
Mechanically evoked blink reflex showed even larger latency variation. This is presumably due, not to different reflex arcs, but to a less wellsynchronised afferent volley in the case of mechanical stimulation. An analogy can be drawn from comparison between the electrically evoked H reflex and mechanically evoked tendon jerk, the latter of which has a latency variation about three times larger. Figure 6b compares the latency variation of the mechanically evoked first component of the blink reflex and that of the tendon jerk of soleus motoneurones. Again, there is some, although not much, overlapping of data.
It seems, therefore, that the reflex pathway of the first component of the blink reflex includes one or perhaps more additional synapses where additional latency variation is generated. On the other hand, the incomplete separation of the data for the two reflexes might suggest that either a part of the first component of the blink reflex is monosynaptic or part of the H reflex and tendon jerk is disynaptic. Bimodal distribution in the case of some H reflex responses (Trontelj, 1973) and some tendon jerks (Trontelj, in preparation) These two phenomena could be observed in more than 20% of the more closely studied motoneurones. They could be explained in several ways. First, the late responses could be caused by stimulation of some slower conducting afferent fibres. This is unlikely because the late responses had a lower threshold than the early ones, while the slower fibres should have a higher threshold for the electrical stimulus. Secondly, an interneurone in the reflex arc could respond with two impulses. This possibility is difficult to exclude but it would by itself speak against the monosynaptic nature of the response. Thirdly, the later of the two responses could be conducted through an alternative pathway including an additional interneurone. This possibility is supported by the somewhat larger latency variation of the late responses which applies both to the cases of double responses and those with bimodal latency distribution. The late responses cannot possibly be a part of the second component because their latency was much too short and the latency variation much too small. Fourthly, extra discharges with similar intervals occasionally occur in voluntary activity, most often following the first discharge after a pause (Stalberg and Trontelj, 1978) . This may be due to inherent properties of the motoneurone rather than bimodal EPSP. However, the finding of both double responses and bimodal latency distribution in the same motoneurones in the blink reflex does support the possibility of bimodal EPSP.
Brown and Rushworth (1973) also measured latency variation in the first component of the blink reflex. They considered the maximum range of latency values but not the standard deviation. They compared their values to the previously published values for the H reflex (Trontelj, 1968) , concluded erroneously that there was no difference between the two reflexes, and took their data as proof that the first component of the blink reflex is monosynaptic. . Rushworth (1962) took the absence of habituation of the first component of the blink reflex as an argument against the polysynaptic nature of the reflex pathway. In our own studies (Trontelj et al., , 1974 we have often seen no habituation in the bulbocavernous reflex when stimulation rate was lower than 3-5 Hz. The latter reflex is definitely polysynaptic.
In conclusion, the results of this study indicate that the first component of the blink reflex is mediated predominantly, if not exclusively, by an oligosynaptic reflex arc which contains at least one and possibly more interneurones but is definitely shorter than that subserving the second component of the blink reflex.
